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Introduction
Some neurological disorders involve autonomic dysfunction. Reliable objective scales of these diseases have not been developed for use in clinical trials. The Scales for Outcomes in Parkinson's Disease-Autonomic (SCOPA-AUT) questionnaire was developed for assessing autonomic dysfunction in patients with Parkinson's disease (PD) [1] . It consists of 25 items (gastrointestinal dysfunction, urinary dysfunction, cardiovascular dysfunction, thermoregulatory dysfunction, pupillomotor dysfunction, sexual dysfunction for men, and sexual dysfunction for women), and patients choose the applicable options on the form. Each item is scored from 0 (no symptoms) to 3 (severe), and the total score ranges from 0 to 69 for both men and women. The English and Portuguese versions of the SCOPA-AUT have been validated [2] , but the Japanese version of the SCOPA-AUT has not been published nor tested for its reliability. The SCOPA-AUT can be applied to patients with various neurological disorders because it has recently been used to assess non-PD patients, such as those with multiple system atrophy (MSA) and Huntington's disease [3] [4] . Thus, we prepared the Japanese version of the SCOPA-AUT. The purpose of this study was to confirm its reliability in patients with diverse neurological disorders.
Materials and Methods
We conducted this prospective, single-institution, observational study with hospitalized patients and outpatients of the Department of Neurology of Hokkaido University Hospital between October disorder that was accompanied by autonomic dysfunction. We set the target sample size as "31 patients." This was because the intraclass correlation coefficients in the two evaluations were expected to be ~0.85 at 95% confidence interval, which had an accuracy of 0.2 in 31 persons.
Previous studies about SCOPA-AUT were conducted in a larger population; however, the validation study of Scale for the Assessment and Rating of Ataxia (SARA) was performed in a smaller group (n=27), and the validity was confirmed [5] . This study was approved by the institutional review board of Hokkaido University Hospital. Prior to the study, written informed consents were obtained from all participants. Those who disagreed to participate in the study or who had severe cognitive impairment making no sense of questionnaires were excluded.
The SCOPA-AUT was translated by native Japanese speakers from English to Japanese. The Japanese version of the SCOPA-AUT was translated back into English by native English speakers.
The back translation was compared to the English version and then modified. The final translation was established as the Japanese version of the SCOPA-AUT. We obtained permission to use the questionnaire from the SCOPA research group in the Netherlands.
At first, patients or their family (if a patient could not write because of upper limb disturbance)
chose the appropriate options on the Japanese version of the SCOPA-AUT, and they completed the form again 1 to 4 weeks later. Two trials were performed at the neurology ward or clinic.
The amassed data were subjected to linkable anonymizing. Statistical analyses were then performed.
Statistical analysis
JMP® Pro 10.0.0 (SAS Institute Inc., Cary, NC, USA) was used for the statistical analysis. The total score and every particular item on the SCOPA-AUT were analyzed with Cronbach's coefficient alphas and intraclass correlation coefficients (ICCs). The items were considered to have high internal consistency if the Cronbach's coefficient alphas were more than 0.8. The ICCs were interpreted to be in conformity to the reference as slight (0.000 to 0.200), fair (0.201 to 0.400), moderate (0.401 to 0.600), substantial (0.601 to 0.800), or almost perfect (0.801 to 1.000) [6] . The mean values are presented with standard deviations (SD).
Results
Thirty-two patients were enrolled, but 1 patient was excluded because of a schedule conflict. The demographics of the 31 study patients (male/female, 15/16) are shown in Supplementary Table. The mean age was 64.8 ± 12.9 years (range, 30 to 82 years). The study patients included 9 with MSA, 8 with PD, 5 with myelopathy, and 9 with other diseases. Patients showing severe autonomic dysfunction that significantly affected their activity of daily living and cognitive impairment were not included. Table 1 shows the statistical parameters of the SCOPA-AUT Japanese version. The mean total scores for the first and second assessments were 15.677 ± 7.091 (n = 69; range, 6-31) and 13.580 ± 6.534 (n = 69; range, 3-29), respectively. The ICC of the total SCOPA-AUT score was 0.644, and the Cronbach's coefficient alpha was 0.877. Cronbach's coefficient alphas of all of the items were more than 0.8. Total invalid answers were '45' in the first assessment and '53' in the second assessment. '45' meant 3 blank answers + 42 'use catheter' and 'not applicable', and '53' meant 6 blank answers + 47 'use catheter' and 'not applicable'. These invalid answers were not included in the total score.
The participants could choose the option "use catheter" in items 8 to 13 and "not applicable" in items 22 to 25. In the 4 questions about sexual dysfunction, items 22 to 25, there were 62 replies in total, and 20 responses in the first assessment and 19 responses in the second assessment were valid. The valid response rates for the questions about sexual dysfunction were 31.5% in total, 36.7% in the men, and 26.6% in the women. The patients who chose "not applicable" were older than the patients providing valid responses, but this difference was not statistically significant For the ICC, items 7, 15, 22, 23, and 25 were evaluated as almost perfect. The total score and items 2, 4, 8, 9, 11, 13, 14 , and 19 were substantial, items 1, 3, 6, 10, and 12 were moderate, items 5, 18, 20, and 21 were fair, and item 17 was slight. In items 16 and 24, ICCs could not be calculated because none of the participants had symptoms, and, thus, they had zero scores.
There was a significant correlation between each item and the domain. In addition, each domain was positively correlated with the total score. The ICCs were high for the following, as shown in Table 1 : sexual dysfunction in women (items 24 and 25), sexual dysfunction in men (items 22 and 23), cardiovascular dysfunction (items 14 to 16), gastrointestinal dysfunction (items 1 to 7), pupillomotor dysfunction (item 19), urinary dysfunction (items 8 to 13), and thermoregulatory dysfunction (items 17, 18, 20, and 21). The Cronbach's coefficients were high in all of the domains.
Discussion
This study, which included patients with various neurological disorders, had similar results as those of previous reports of patients with PD. Although the SCOPA-AUT was developed to estimate autonomic dysfunctions in PD patients, it can provide useful data for patients with other neurological diseases.
The SCOPA-AUT has been reported to be helpful for evaluating Asian patients with PD [7] . This study showed that the SCOPA-AUT was useful not only in Asian patients with PD, but also in Asian patients with other neurological disorders.
The Cronbach's coefficient alphas were more than 0.8 for the total score and for all items, suggesting high internal consistency. Cronbach's coefficient alphas of the total score were almost equal before and after excluding the items which had low valid response rates (item 22, 23, 24 and 25). It meant these 4 items, indeed, had no large effect on SCOPA-AUT overall. However, most of the ICCs were moderate, and the test-retest reliability of the Japanese version of the SCOPA-AUT was substantial. This result was considered equal to those of previous studies (ICCs: 0.71 to 0.87) [1] [2] . The questions about thermoregulatory dysfunction showed low ICCs, suggesting that the participants' feelings of temperature varied because this study was conducted when the seasons changed.
The small number of valid response for items 22, 23, and 25 may have influenced the high ICCs.
However, the low ICCs may reflect the inclusion of patients with different diseases compared to those examined in previous studies. The earlier study on the use of the SCOPA-AUT in patients with MSA [3] was more heterogeneous than those studies that included only patients with PD. Thus, the SCOPA-AUT may be suitable for screening nonhomogeneous diseases, such as MSA.
The average total scores of this study were 13.580 and 15.677 for the first and second assessment, respectively. This was lower than those of previous reports (18.8-23.0). Item 16 shows all zeros, indicating that no one fell unconscious in the previous 6 months. This suggested that our study group consisted of patients with less severe dysautonomia. The lower average score in this study compare to those for the English or Portuguese versions suggests the same thing.
There were not many invalid answers, except for questions about sexual dysfunction. This tendency was compatible with previous reports. In this study, there were 0.4-0.8% missing answers, and there were 5.9-6.6% invalid answers for all of the items, which was similar to a previous study (0.8-1.0%) [3] . Invalid answers accounted for more than two-thirds of the questions about sexual dysfunction. The Portuguese version showed "not applicable" data for 56.9% of the women and 10.6% of the men [2] . In the original version, there were 13% missing data, and "not applicable" accounted for 50% [1] . The most feasible reasons for the many invalid responses were presumed to be the lack of a partner and a sense of shame [2] . This study also suggested this because the mean age of the patients with invalid responses was older than those with valid answers. Alternatively, this may imply that the Japanese are more reserved. A more appropriate approach for evaluating sexual dysfunction needs to be developed.
The limitations of this study were as follows: (i) a control group consisting of individuals without any autonomic dysfunction or neurological disorder was not included in this analysis, (ii) severe cognitive impairment were excluded, but mild cognitive impairment may be included because accurate cognitive function tests such as Mini-Mental State Examination were not evaluated, and (iii) analyses based on each disease were not conducted. These two aspects must be explored in detail while conducting a more stringent validation study.
Conclusions
The Japanese version of the SCOPA-AUT had high internal consistency, and it may be applied to patients with various neurological disorders other than PD. It is preferable that the SCOPA-AUT is used for screening nonhomogenous groups, as in this study. However, it is difficult to get a high response rate to questions about sexual dysfunction. Items 22 and 23 were intended only for men, and items 24 and 25 were intended only for women.
Abbreviations: SD, standard deviation, ICC: intraclass coefficient.
*The ICCs of items 16 and 24 could not be calculated because their variances were zero.
